(12) INTERNATIONAL AWLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Property 
Organization 
Internationa] Bureau 

(43) International Publication Date 
7 July 2005 (07.07 J005) 




PCT 



liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin^ 

(10) Internatioiial Publication Number 

wo 2005/060661 A2 



(51) Internationa] Patent Classification: Not classified 

(21) International Application Number: 

PCT/US2004/042221 

(22) International Filing Date: 

16 December 2004 (16.12.2004) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/531,091 



19 I>ecember 2003 (19.12.2003) US 



(71) Applicant (for all designated States except US): THE 
REGENTS OF THE UNIVERSITY OF CALIFORNIA 
[US/US]; nil Franklin Street, 12 th Floor, Oakland. CA 
94607-5200 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CHARLES, L., 
Sawyers [US/US]; 3343 Mondeville Canyon Road, Los 
Angles, CA 90049 (US). CHARLIE, D., Chen [US/US]; 
3300 Sawtelle Boulevard, no.306, Los Angeles, CA 90066 
(US). DEREK, Welsbie [US/US]; 18420 Lemarsh Street, 
No.28, Northridge, CA 91325 (US). 



(74) Agent: OLDENKAMP, David, J.; Shapiro & Dupont 
LLP, Suite 700, 233 Wilshire Boulevard, Suite 700, Santa 
Monia, CA 90401 (US). 

(81) Dedgnated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB. GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP. KR, KZ, LC, LK, LR, LS, LT. LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, FT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM. 
TN, TR, TT, TZ. UA, UG, US, UZ, VC. VN, YU, ZA. ZM. 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ. UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, R, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
SE. SI. SK, TR). OAPI (BF, BJ, CF, CG, CI, CM. GA. GN. 
GQ, GW, ML, MR. NE. SN, TD. TG). 

Declaration under Rule 4.17: 

— of irsventorship (Rule 4. 2 7( iv))for US only 

[Continued on next page] 



(54) Titie: METHODS AND MATERIALS FOR ASSESSING PROSTATE CANCER THERAPIES 



30-1 



< 

o 

I?) 



I 

5 

I 2(h 



1 



10- 



ARmRNA 



-AR probe setl 
-AR probe set 2 



3074 3264 



3715 



3414 3660 



I 




I \ I 

CWR22 LAPC4 LAPC9 INCaP LuCaP23 LuCaPBS LuCaP41 
HS HR HS HR HS HR HS HR HS HR HS HR HS HR 



AR 



O (57) Abstract: Using microarray-based profiling of isogenic prostate cancer xenograft models, we found that a modest (2-5 fold) 
^ increase in androgen receptor (AR) mRNA was the only expression change consistently associated with developing resistance to 
^\ antiandrogen therapy. Increased levels of AR confer resistance to anti-androgens by amplifying signal output firom low levels of 

residual ligand and altering the normal response to antagonists. This invention provides cell based assays for use in the examination 

of new therapeutic modalities and provides insight toward the design of novel antiandrogens. 



wo 2005/060661 A2 HIHIIIIIIIIIIIHIHiPiHIIII 



Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— without international search report and to be republished ance Notes on Codes and Abbreviations" appearing at the begin- 
upon receipt of that report ning of each regular issue of the PCT Gazette. 



wo 200S/060661 



PCTAJS2004/042221 



METHODS AND MATERIALS FOR ASSESSING 
PROSTATE CANCER THERAPIES 

s 

BACKGROUND OF THE INVENTION 

[0001] This invention was made with United States Government support under 
Department of Defense Grant DAMD17-02-1-0024. The Government may have certain 
rights to the invention. 

1. Field of the Invention, 

[0002] The present invention relates to methods and materials for assessing prostate 
cancer therapies. 

2. Pescription of Related Art> 

[0003] Cancer is the second leading cause of human death next to coronary disease. 
Worldwide, millions of people die from cancer every year. In the United States alone, as 
reported by the American Cancer Society, cancer causes the death of well over a half-million 
people annually, with over 1,2 million new cases diagnosed per year. While deaths from 
heart disease have been declining significantly, those resulting from cancer generally are on 
the rise. In this century, cancer is predicted to become the leading cause of death. 
[0004] Worldwide, several cancers stand out as the leading killers. In particular, 
carcinomas of the lung, prostate, breast, colon, pancreas, and ovary represent the primary 
causes of cancer death. These and virtually all other carcinomas share a common letiial 
feature. With very few exceptions, metastatic disease from a carcinoma is fatal. Moreover, 
even for those cancer patients who initially survive their primary cancers, common 
experience has shown that their lives are dramatically altered 

[0005] Adenocarcinoma of the prostate is the most frequently diagnosed cancer in men in 
the United States, and is the second leading cause of male cancer deaths (Karp et al.. Cancer 
Res. 56:5547-5556 (1996)). Therapy for prostate cancer is typically initiated using hormone 
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drags that lower serum testosterone, often given in combination with competitive androgen 
receptor (AR) antagonists. Although initially effective at blocking tumor growth, these 
therapies eventually fail, leading to a drug resistant stage called androgen independent or 
hormone refractory (HR) disease that is uniformly lethal. 

[0006] Postulated mechanisms to explain resistance to hormone therapy can be separated 
into three general categories/"^ The first mcludes DNA-based alterations in the AR gene 
such as amplification or point mutations, which collectively only occur in a minority of 
patients.'*'^ A subset of these AR mutations map to the ligand binding domain (USD) and are 
proposed to cause resistance by altering the response of the receplbr such that noncanonical 
ligands like estrogen or hydrocortisone, or even AR antagonists like flutamide, behave as 
agonists.^'^ Although their clinical association with antiandrogen resistance is strong, the 
overall frequency of AR amplification or mutation cannot accoimt for most cases of hormone 
refractory disease. 

[0007] The second category ^plies to the majority of patients without AR gene mutation 
or amplification who retain active AR signaling. Inoreased mitogen-activated protein kinase 
signaling mediated by oncogenes such as ErbB2 or Ras can cause ligand-independent 
activation of AR.*^*^^ The kinases and substrates responsible for AR activation in this setting 
are unknown, but this is presumed to occur through downstream phosphorylation of AR- 
associated proteins or AR itself, analogous to the estrogen receptor (ER).^^"^"* Similarly, 
alteration in the balance of coactivators or corepressors can affect AR activation,^^'^^ based 
on similar findings for ER.^^ The relative frequency of these events and their relationship to 
clinical drag resistance remain to be defined. 

[0008] The third category of hormone resistance mechanisms is based on the concept that 
the pro-growth and survival functions of AR can be "bypassed" by alternative signaling 
pathways, such that AR is no longer relevant to disease progression. One example is 
upregulation of the anti-apoptotic gene Bcl-2 in late stage clinical samples,.^^*^^ but functional 
proof of a role in hormone resistance is lacking. The AR bypass hypothesis is also consistent 
with observations of gene methylation leading to decreased or absent AR expression in 
some HR cancers,^^ as well as reports that androgen induces growth arrest or apoptosis in 
certain contexts.^^*^ 
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[0009] Collectively, these data implicate multiple mechanisms by which prostate cancers 
acquire resistance to hormone therapy and highlight the continuing debate about the role of 
AR in late stage disease progression. Consequently, there is a need in the art for models that 
reproduce clinically significant aspects of tiiis disease progression, particularly the transition 
from the initial stage in the prostate cancer where the cancer cells are sensitive to hormone 
antagonists to the subsequent drug resistant stage. In particular, a well-defined and 
manipulatable cell based model is needed to dissect the molecular events associated with the 
progression from a drug sensitive to a drug resistant phase. In addition, there is a need in the 
art for cell based prostate cancer models that reproduce Ihe drag sensitive and/or drag 
resistant phases of cancers of the prostate tiiat can be used, for example in the evaluation of 
new therapeutic modalities. The invention disclosed herein satisfies this need. 



SUMMARY OF THE INVENTION 



[00010] Using microarray-based profiling of isogenic prostate cancer xenograft models, we 
found that a modest (2-5 fold) increase in androgen receptor (AR) mRNA was the only 
e?q)ression change consistently associated with developing resistance to antiandrogen 
therapy. This increase in AR mKNA and protem was both necessary and sufBcient to 
convert prostate cancer growth from a hormone sensitive to hormone refractory stage, and 
was dependent on a functional ligand-binding domain. Furthermore, AR antagonists 
displayed agonist activity in cells with increased AR levels, and this antagonist/agonist 
conversion was associated with alterations in the pattern of coactivators and corepressors 
recraited to the promoter of AR target genes. Increased levels of AR confer resistance to 
anti-androgens by amplifying signal output from low levels of residual ligand and altering 
the normal response to antagonists. The disclosure provided herein that is based upon these 
findings includes assays for examining the effects of therapeutic compounds on mammalian 
cells such as androgen independent prostate cancer cells and further provides insight toward 
the design of novel antiandrogens. 

[00011] One embodiment of the invention is a method of testing compounds for an effect 
on a mammalian prostate cancer cell comprising contacting the compound to be tested with a 
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mammalian prostate cancer cell wherein the mammalian cancer cell is selected for the test 
because it expresses an exogenous wild type androgen receptor (AR) polynucleotide that 
encodes the AR polypeptide such that the levels of mRNA in the cell that encode the AR 
polypeptide or AR polypeptide are at least about 2 fold higher than normal/endogenous AR 
mRNA or AR polypeptide levels in a mammalian prostate cell; and then comparing one or 
more characteristics of the mammalian prostate cancer cell to which the compound was 
administered with the same one or more characteristics of a control mammalian prostate 
cancer cell to which the compound has not been administered, wherem a difference in one or 
more of the one or more characteristics indicates that the compound has an e£fect on the 
mammalian prostate cancer cell. 

[00012] Another embodiment of the invention is a method of examining the physiological 
effect of a compound on a mammalian prostate cancer cell, the method comprising 
contacting the compound to be tested with a mammalian prostate cancer cell, wherein the 
mammalian prostate cancer cell is selected for the method because it oppresses either an 
exogenous wild type polynucleotide that encodes the AR polypeptide or a polynucleotide 
that encodes a variant of the AR polypeptide, wherein the variant has a deletion, insertion or 
substitution of at least one amino acid in the AR polypeptide amino acid sequence and 
wherein the total levels of mRNA in the cell that encode the AR polypeptide variant or the 
total levels of AR polypeptide variant are at least 2 fold higher than normal/endogenous AR 
mRNA or AR polypeptide m the cell; and then ©camining one or more physiological 
characteristics of the mammalian prostate cancer cell to which the compound is administered, 
so that the physiological effect of the compound on the mammalian prostate cancer cell is 
examined. 

[00013] A related embodiment of the invention is a method further comprising examining 
the physiological effect of a plurality of compounds on a mammalian prostate cancer cell 
selected as described above, wherein an observable difference in one or more physiological 
characteristics exerted by a first compound as compared to one or more physiological 
characteristics exerted by a second compound indicates that the first compound has a 
stronger or weaker physiological effect than the second compound on the mammalian 
prostate cancer cell. Topically the method is performed m a high throughput format 
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Alternatively, the method is performed in a low throughput format. Compounds tested in 
such assays are typically antagonists or agonists. In practice we define a drug as an AR 
antagonist when the drug inhibits or competes for the binding of a ligand or a stimulus and 
inhibits the biological function of the androgen receptor. A drug is defined as an AR agonist 
when the drug stimulates or activates flie biological function of the androgen receptor. 
[00014] Yet another embodiment of the invention is a method of testing one or more 
compounds for an effect on a mammalian cell, tiie method comprising contacting at least one 
compound to be tested with the mammalian cell, wherein the mammalian cell is selected for 
the test because it expresses an exogenous wild type or mutated protein of interest, such as 
the estrogen receptor, such that the total levels of mRNA in the cell that encode the protein of 
interest or the total protein levels of the protein of interest are at least 2 fold higher than 
normal/endogenous mRNA or polypeptide of the protein of interest, such as the estrogen 
receptor, in tiie cell, comparing one or more characteristics of the mammalian cell to which 
the compound is administered with the same one or more characteristics of a control 
mammalian cell to which the compound has not been administered, wherein a difference in 
one or more characteristics indicates that the compound has an effect on the mammalian 
cancer cell or mammalian cell. In such methods, the mammalian cell is typically a cancer 
cell, for example a breast, ovarian or prostate cancer cell. 

[00015] A related embodiment of the invention is a method further comprising examining 
the physiological effect of a plurality of compounds on a mammalian cell that is selected as 
described above, wherein an observable difference in one or more physiological 
characteristics exerted by a first compound as compared to one or more physiological 
characteristics exerted by a second compound indicates that the first compound has a 
stronger or weaker physiological effect than the second compound on the mammalian cell. 
[00016] Another embodiment of the invention is a method of treating a hormone refi-actory 
prostate cancer in a patient, the method comprising administering to the patient an agent that 
decreases or affects tiie biological function of the androgen receptor by affecting the 
androgen receptor ligand-binding, nuclear translocation, or by affecting DNA-binding, or 
through altering formation of coactivator or corepressor complexes associated with the 
androgen receptor. . 
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[00017] Another embodiment of the invention is a method of treating a hormone refractory 
prostate cancer in a patient, the method comprising administering to the patient and an agent 
that decreases or affects the biological function of the androgen receptor through affectmg 
tiie androgen receptor DNA levels, androgen mKNA levels, or androgen protein levels. Li 
such methods, tiie androgen receptor protein level can be decreased through modulation of 
signal transduction pathways such as targeting EGF receptors that crosstalk to the androgen 
receptor. Altematively, the androgen receptor protein level is decreased by the induction of 
cellular degradation pathways such as proteosome degradation machinery. Altematively, the 
androgen receptor protein level is decreased by dissociating the androgen recq)tor from heat 
shock proteins that maintain the androgen receptor integrity. Pref^ably the androgen 
receptor protein level is decreased using androgen receptor antisense or mRNA knockdown 
technology. We consider that any one of these above manipulations or combination of any 
of these manipulations would affect the biological function of the androgen recq)tor. The 
preferred way of these methods would be to use an agent to dismpt or reduce the ligand 
binding of the androgen receptor. 

[00018] Another embodiment of the invention is a method of treating, a hormone refractory 
prostate cancer in a patient, the method comprising administering to the patient an agent that 
decreases or affects the biological function of the androgen receptor through modifying the 
androgen receptor protein. Optionally, the androgen receptor protein is modified by 
modifying the polynucleotide or polypeptide sequence of the androgen receptor or by 
posttranslational modifications of the androgen receptor including, but not restricted to, 
phosphorylation, acetylation, ubiquitination, and sumolation. 
[00019] Another embodiment of the invention is a method of treating a disease or 
condition, which is resistant to a drug, or a treatment, or combination of a dmg and a 
treatment by increasing the concentration of the protein that is the target of the drug or 
treatment, the method comprising administering one or more agents or utilizing a technique 
that affects the biological function of the protein throu^ means described m the paragraphs 
above. T/pically the disease or condition is hormone refractory prostate cancer, in which the 
androgen receptor DNA, mRNA, or protein levels is increased in prostate cancer cells after 
surgical or medical castration, or treatments with anti-androgen therapy, or the combination 
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of castration and anti-androgen therapy. In an illustrative embodiment, the disease or 
condition is hormone refractory breast cancer, in which the estrogen receptor DNA, mKNA, 
or protein levels is increased in breast cancer cells after hormone therapy such as treatments 
with tamoxifen or raloxifene. 

[00020] In a further embodiment of the invention, there are provided articles of 
manufacture and kits containing materials useful for examining compounds such as AR 
agonists or antagonists using the methods disclosed herein. The article of manufacture 
comprises a container with a label. Suitable containers include, for example, bottles, vials, 
and test tubes. The containers may be formed from a variety of materials such as glass or 
plastic. The label on the container may indicate directions for either in vivo or in vitro use, 
such as those described above. The kit of the invention comprises the container described 
above and a second container comprising a buffer. It may further include other materials 
desirable from a commercial and user standpoint, including other buffers, diluents, filters, 
needles, syringes, and package inserts with instructions for use. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[00021] FIG. 1 depicts the results of tests showing expression of AR mRNA in HS And 
HR Xenografts. Top, normalized microarray values for^ probe sets one and two 
(Affymetrix IDs 1577 and 1578, respectively) are shown for pools of tumors from each of 
the fourteen xenografts. Bottom, AR Western blot from one tumor of each xenografts' pool 
lysed m 2% SDS. AR protein expression in HS LUCaP35 was evident upon longer 
exposures, 

[00022] FIG. 2 diagrammatically depicts a model of prostate cancer progression. 
Hormone therapy, consistmg of androgen-lowering drugs and competitive AR antagonists, 
decreases the number of active receptors leading to a clinical response (HS disease). Failure 
of therapy (HR disease) results from increased receptor level which inverts the response to 
antagonists and amplifies the response to all ligands - residual androgens, antagonists and 
other steroids. 
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DETAILED DESCRIPTION OF THE INVENTION 



[00023] Unless otherwise defined, all terms of art, notations and other scientific terms or 
terminology used herein are intended to have the meanings commonly understood by those 
of skill in the art to which this invention pertains. In some cases, terms with commonly 
understood meanings are defined herein for clarity and/or for ready reference, and the 
inclusion of such definitions herein should not necessarily be construed to represent a 
substantial difference over what is generally understood in the art. Many of the techniques 
and procedures described or referenced herein are well understood and commonly employed 
using conventional methodology by those skilled m the art, such as, for example, the widely 
utilized molecular cloning methodologies described in see Ausubel et al., Current Protocols 
in Molecular Biology, Wiley Interscience Publishers, (1995) and Sambrook et al.. Molecular 
Cloning: A Laboratory Manual 2nd. edition (1989) Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y. As appropriate, procedures involving the use of commercially 
available kits and reagents are generally carried out in accordance with manufacturer defined 
protocols and/or parameters xmless otherwise noted. 

[00024] As used herein, the terai "polynucleotide" means a polymeric form of nucleotides 
of at least about 10 bases or base pairs in length, either ribonucleotides or deoxynucleotides 
or a modified form of either type of nucleotide, and is meant to include single and double 
stranded forms of DNA. 

[00025] As used herein, the term "polypeptide" means a polymer of at least about 6 amino 
acids. The term "androgen receptor polynucleotide" means any of the polynucleotides that 
encode tiie androgen receptor polypeptide. Such polynucleotides are known to those skilled 
m the art. For example, see Chang et al.. Science 240 (4850), 324-326 (1988). Also see 

ISnVl 000044<1ittp://www.ncbi,nhn.nih.gov:80/entrez/vi 

db=nucleotide&list uids==2 1 32225 l&dopt=GenBank&tenn=sapiens+AR+androgen+recepto 
r+prostate+cancer&qtv=l> gi:2132225 1). The term "androgen receptor polypeptide" means 
any of tiie known androgen receptor polypeptides. For example, see Chang et al., Science 
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240 (4850), 324-326 (1988). Also see NM QQ0044<httD://www.ncbi -nltn.nih.pov!80/ 
entrez/viewer.fcgi?cmd.=Retrieve& db=nucleotide&list uids=21 32225 l&dopt= 
GenBaDk&tenn=sapiens+AR+androgen4Teceptor+prostate+cancer&atv=l> gi:2132225 1). 
The teim "androgen receptor polypeptide varianf means a polypeptide that exhibits AR 
activity and which has a deletion, insertion or substitution of at least one amino acid in the 
AR polypeptide amino acid sequence as set forth in Chang et al, Science 240 (4850), 324- 
326(1988). 

[00026] The terms "agonist" and "agonistic" when used herein refer to a molecule which is 
capable of, directly or indirectly, substantially inducing, promoting or oohancing biolo^cal 
activity or activation of a molecule such as AR. The terms "antagonist" and "antagonistic" 
when used herein refer to a molecule which is capable of, directiy or indirectiy, substantially 
inhibiting biological activity or activation of a molecule such as AR. 
[00027] "Treatment" or "therapy" refer to both therapeutic treatment and prophylactic or 
preventative measures. 

[00028] The term "therapeutically effective amount" refers to an amount of a drug effective 
to treat a disease or disorder in a mammal. In the case of cancer, the therapeutically effective 
amount of the drug may reduce the numb^ of canco: cells; reduce the tumor size; inhibit 
(i.e.t slow to some extent and preferably stop) cancer cell infiltration into peripheral organs; 
inhibit (i.e., slow to some eirtent and preferably stop) tumor metastasis; inhibit, to some 
extent, tumor growfli; and/or relieve to some extent one or more of the symptoms associated 
with the disorder. To the extent the drug may prevent growth and/or kill existing cancer 
cells, it may be cytostatic and/or cytotoxic. For cancer therapy, efiBca<^ in vivo can, for 
example, be measured by assessing tumor burden or volume, tiie time to disease progression 
(TIP) and/or determining the response rates (RR). 

[00029] "Mammal" for purposes of treatment or therapy refers to any animal classified as a 
mammal, including humans, domestic and farm animals, and zoo, sports, or pet animals, 
such as dogs, horses, cats, cows, etc. Preferably, the mammal is human. 
[00030] The terms "cancer", "cancerous", or "malignant" refer to or describe the 
physiological condition in mammals that is typically characterized by unregulated cell 
growth. Examples of cancer include but are not limited to, carcinoma, lymphoma, blastoma. 
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sarcoma, and leukemia. More particular examples of such cancers include breast cancer, 
ovarian cancer, colon cancer, colorectal cancer, rectal cancer, squamous cell cancer, small- 
cell lung cancer, non-small cell lung cancer, Hodgkin's and non-Hodgkin's lymphoma, 
testicular cancer, esophageal cancer, gastrointestinal cancer, renal cancer, pancreatic cancer, 
glioblastoma, cervical cancer, glioma, livo: cancer, bladder cancer, hepatoma, endometrial 
carcinoma, salivary gland carcinoma, kidney cancer, liver cancer, prostate cancer, vulval 
cancer, thyroid canc^, hepatic carcinoma and various types of head and neck cancer. 
[00031] The invention is based on the discoveries disclosed herein that a modest (2-5 fold) 
increase in androgen receptor (AR) mRNA m prostate cancer cells was the only expression 
change consistently associated with developing resistance to antiandrogen therapy. This 
increase in AR mRNA and protein was both necessary and sufficient to convert prostate 
cancer growth from a hormone sensitive to hormone refractory stage, and was dependent on 
a functional ligand-binding domain. Furthermore, AR antagonists displayed agonist activity 
in cells with increased AR levels, and this antagonist/agonist conversion was associated with 
alterations in the pattem of coactivators and corepressors recruited to the promoter of AR 
target genes. Increased levels of AR confer resistance to anti-androgens by amplifying signal 
output from low levels of residual ligand and altering the normal response to antagonists. 
The findings provide insight toward the design of novel antiandrogens. 
[00032] One embodiment of the invention disclosed herein is a method of testing 
compounds for an effect on a manmialian prostate cancer cell comprising contacting the 
compound to be tested with a the mammalian prostate cancer cell, wherein the mammalian 
cancer cell is selected for the test because it expresses an exogenous wild type androgen 
receptor (AR) polynucleotide that encodes the AR polypeptide such that the levels of mRNA 
in the cell that encode the AR polypeptide or the AR polypeptide are at least about 2 fold 
higher than normal/endogenous AR mRNA levels in a mammalian prostate cell; and then 
comparing one or more characteristics of the mammalian prostate cancer cell to which the 
compound was administered with the same one or more charact^istics of a control 
manunalian prostate cancer cell to which the compound has not been administered, wherein 
a difference in one or more of the one or more characteristics indicates that the compound 
has an effect on the mammalian prostate cancer cell. 
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[00033] A test compound which bmds AR may then be further screened for the inhibition 
of a specific physiological activity (e.g. tyrosine kinase activity). Such an embodiment 
includes, for example determining whether said test compound inhibits the signaling of AR 
by utilizing molecular biological protocols to careate recombinant contracts whose 
enzymological and biological properties can be examined directly, Enzymology is performed 
for example, by measuring tyrosine kinase activity in vitro or in ARS expressing cells using 
standard assays. 

[00034] Certain discoveries and physiological processes associated with the mvention are 
discussed below. 

[00035] To examine the range of HR mechanisms in a relatively unbiased manner, we 
performed global gene expression profiling on seven "isogenic" hormone sensitive (HS) and 
HR human prostate cancer xenograft pairs (14 total xenografts). All HR sublines were 
derived directly from their HS parental lines by passage in castrate mice and compared with 
HS tumors with sunilar passage numbers in intact mice.^"^^ The microarray dataset was 
analyzed using a number of biornformatic strategies, including unsupervised and supervised 
leaming. First, we asked if any subgroups of HR prostate cancer could be identified using an 
unsupervised hierarchical clustering algorithm. The following procedure was followed: 
(a) Seven 0.5 cm*' tumors from each xenograft, grown in either intact (HS) or castrated (HR) 
mice, were pooled and total RNA was extracted to generate a single sample. After 
processing, the cRNA was hybridized to the Aflfymetrix U95A chip and the microarray data 
was analyzed by Microarray Suite. Background elements which did not significantly vary 
(standard deviation < 1000 and coefficient of variation < 1) or were not detected in any of the 
samples (defined as perfect match hybridization not significantly different than mismatch 
control signal intensity) were filtered out. The remaining elements, representing 1,056 genes, 
were then used by an unsupervised leaming algorithm to generate a hierarchical clustering 
diagram, (b) The microarray data, obtained as described in (a), was reanalyzed using 
Microarray Suite whereby each pair was condensed into a single dataset that represents the 
ratio in e?q)ression between each HS xenograft and its HR counterpart. In addition, using a 
number of parameters as defined by Microarray Suite software such as fold-change, absolute 
signal intensity and the confidence in each probe set given by perfect match/mismatch ratios, 
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elements from the condensed dataset were assigned an independent designation of increase 
(I), marginal increase (MI), no change (NC), marginal decrease (MD) or decrease (D). 
Elements assessed as NC in all of the xenograft pairs were filtered out to generate a list of 
3,774 genes that was then used by an unsupervised learning algorithm to generate a 
hierarchical clustering diagram, (c) Each of the designations desaibed in (b) was assigned a 
value rangmg from +1 (I) to -1 (D) and a score for each element was produced by summing 
the values across each of the seven HS/HR xenograft pairs. This testing showed that each 
HR xenograft clustered vdlh its HS counterpart, consistent with the fact that these pairs are 
isogenic. 

[00036] Since xenograft-specific expression signatures are likely to obscure gene 
expression changes responsible for the HS-to-HR transition,^^ we condensed each HS/HR 
pair into a single dataset representing fold-change in expression. Again, no closely related 
subgroups emerged, suggesting either ihat different mechanisms were responsible for the 
HS-to-HR transition in each xenograft or that any common mechanism involved too few 
genes to influence the clustering pattern. We explored the latter possibility using an 
algorithm to identify any elements that consistently changed during the HS-to-HR transition. 
Remarkably, out of 12,559 probe sets, only one - directed against ihoAR cDNA - was 
differentially e>q3ressed in all seven HS/HR pairs (Fig. 1, top). Notably, the second highest 
ranked prdbe set, upregulated in five of seven pairs, was also directed against AR. Consistent 
with the RNA data, immunoblots showed higher levels of AR protein in HR tumors than 
thek parental HS counterparts (Fig. 1, bottom). The fold-change in AR protein (based on 
analysis of individual xenograft tumors) did not perfectly correlate with the fold-change in 
AR mRNA (based on expression analysis of pools of tumors for each xenograft), possibly 
due to sample-to-sample variation. Alternatively, post-transcriptional mechanisms may 
affect steady state AR protein levels.'^^ Nonetheless, these data raise the possibility of a 
conmion final mechanism of resistance to hormone therapy. 

[00037] To determine if increased AR protein concentration plays a causal role in the HS- 
to-HR transition, we introduced an epitope-tagged wildtype AR cDNA by retrovirus infection 
into HS LNCaP human prostate cancer cells, A tiiree-fold increase in AR levels in LNCaP- 
AR cells mimics the expression difference observed in the LNCaP HS/HR pair studied in 
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the microarray experiment. To test whether increased AR expression causes the HS-to-HR 
transition, we designed two in vitro assays to mimic the clinical circumstances of HR 
disease. The first measures the ability to grow in low androgen concentrations; the second 
measures growth in the presence of the antiandrogen bicalutamide. As e>q)ected, LNCaP 
cells infected with the empty vector failed to grow in steroid-depleted, charcoal-stripped 
serum unless supplemented with 100 pM of the synthetic androgen, R188L In contrast, 
LNCaP-AR cells grew m at least 80% lower concentrations of R1881. LNGaP-AR cells 
were also resistant to bicalutamide. 

[00038] Next, we asked if increased AR expression was sufficient, in vivo, to confer 
resistance to hormone therapy achieved through surgical castration using two xenograft 
models, LNCaP and LAPC4. HS LAPC4 cells were infected with AR lentivirus 
(demonstrated to express about three-fold more AR protein than vector-infected controls) and 
then implanted into the flanks of mtact or castrated male SCID mice. AR overexpression 
shortaied the latency of tumor formation by more than 50% in castrated animals in the 
LAPC4 and LNCaP models. 

[00039] We used stable RNA interference to address the reciprocal question of whether the 
increase in AR expression observed in HR xenografts was necessary for developing 
resistance to hormone therapy. Knockdown of AR levels in HR LAPC4 cells was achieved 
using a lentivirus vector expressing a short hairpin RNA (shRNA) against AR cis-linked witii 
a GFP-expression cassette. After implantation into the flanks of castrated male mice, AR 
shRNA-infected tumors grew more slowly than vector-infected controls. Moreover, those 
tumors that did grow did not e7q)ress GFP when compared to vector-infected controls and 
still expressed AR protein, indicating selection for cells that esc^ed AR knockdown. 
Parallel studies of AR knockdown in HR LNCaP sublines gave similar results. 
[00040] To determine the mechanism by which increased AR levels cause HR disease, we 
considered two possibilities: (1) high levels of receptor lead to constitutive activation in the 
absence of ligand, consistent with a recent study of AR^^ (a ligand-independent model), or 
(2) high levels of receptor sensitize the cell to the residual amoimts of ligand remaining after 
testosterone lowering therapy (a ligand-dependent mass action model). To distinguish 
between these models, we introduced two AR mutations, N705S and R752Q, independently 
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into the LBD to selectively impair ligand-binding without interfering with ligand- 
independent functions. N705S is associated with complete androgen insensitivity syndrome, 
whereas R752Q is found in patients with partial androgen insensitivity syndrome.^" 
[00041] Details of tiie experimental procedure were as follows: Mutant or wildtype AR 
constructs were transfected mto AR-null cells (C0S7) and androgen-starved for 48 h. Cells 
were then incubated with increasing amounts of ^-Rl 881 in the presence or absence of 100- 
fold excess of cold Rl 881 and bound ligand was measured by scintillation counting. LNCaP 
cells e^essing tihie various AR LBD or genotropic mutants were assayed for HR growth in 
vitro using either the low-androgen sensitization or antagonist resistance assay as previously 
described above. All experiments wctc done in diq)licate. 1 x 10^ LNCaP cells 
overexpressing the various AR cDNAs (n = 10) or a vector control (n = 10) were implanted 
into the flanks of castrated male SCID mice and tumor volume (± SEM) was measured over 
time. Confocal immunofluorescence was performed with a FLAG-specific antibody on 
LNCaP cells stably expressing FLAG-tagged, triple point mutant, K618, 632, 633M (ANLS) 
or wildtype AR. 

[00042] As ejqpected, both mutations unpaired ligand-binding in a radiolabeled Rl 88 1 - 
binding assay. Consistent with disease severity, R752Q retained low levels of Ugand-binding 
and transcriptional activity m a reporter assay, and serves as an internal control to ensure 
proper folding of at least one LBD mutant Overe3q)ression of either LBD mutant AR 
construct in LNCaP cells, even at levels approximately 10-fold higher than endogenous AR, 
failed to promote HR growth at levels beyond the vector control in low androgen media, in 
the presence of bicalutamide or in surgically castrated mice. These data establish that AR 
must bind ligand to confer HR growth and imply that a modest increase in receptor 
concentration permits AR to utilize the lower levels of androgens present in castrated 
patients. This conclusion also suggests that the widely used term "androgen-independent" 
may be a misleading description of EDR prostate cancer. 

[00043] The availability of these in vitro assays for AR function offered an opportunity to 
address tiie additional question of whetha: AR induces the HS-to-HR transition through 
genotropic or non-goiotropic fimctions. Deletion of the nuclear localization signal (NLS) 
blocked nuclear translocation and abolished HR growth in low concentrations of androgen or 
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in the presence of bicahitamide. SimUar results were obtained using a second AR mutant 
V581F that lacks DNA binding activity.^^ Finally, deletion of the polyproline region of AR 
reported to bind the SH3 domain of Src (AP AR)^^ had no inhibitory effect on AR function in 
these assays. Therefore, the previously reported non-genotropic effects of AR on bone 
growth and prostate cancer cell survival^^''* are unlikely to play a role in resistance to 
antiandrogen therapy. 

[00044] The ligahd-binding mutagenesis studies provide evidence for a mass action model 
to e?q)lain resistance to androgen-lowmng hormone ther^y. If this mechanism is the sole 
cause of resistance, then supr^harmacologic concentrations of bicahitamide should 
overcome the excess levels of AR and block transcriptional activity. Surprisingly, we 
observed the opposite phenomenon when we examined the effects of high-dose bicalutamide 
on prostate specific antigen ^PSA) expression in cells expressing excess AR. Bicalutamide 
showed typical antagonist activity in parental LAPC4 cells, as measured by inhibition of PSA 
mRNA and protein expression, but fimctioned as an agonist in LAPC4 cells expressing 
increased levels of AR. The antagonist-to-agonist conversion was not unique to bicalutamide 
or to the LAPC4 cell line, since similar results were observed using other AR antagonists 
such as Q^roterone acetate and flutamide. Similar results were observed with LNCaP cells. 
In addition, increased AR levels conferred responsiveness to noncanonical ligands such as 
estrogen, reminiscent of the effects of the T877A AR LBD mutation in LNCaP cells.* 
[00045] Details of the above high-dose testing were as follows: LAPC4 cells over 
expressing AR or a GFP control were androgen-starved for 5 days with charcoal-stripped 
serum and then challenged witii bicalutamide or cyproterone acetate or flutamide for 96 hour. 
PSA and fi-actin message was assayed using semi quantitative RT-PCR Seoreted PSA aRsx 
48 hour challenge with bicalutamide or 17p-estradiol was measured via ELISA. LNCaP 
cells stably infected with an AR-expressing or control virus (Neo) was androgen-starved for 
5 days and then challenged for 48 hours with bicalutamide. PSA and fi-actin were then 
measured . LNCaP cells stably infected with the AR- e:q)ressmg virus or the vector control 
were starved for 5 days and then challenged with either vehicle, 10 nM bicalutamide, 100 
pM R1881 or 1 nM DHT . After 1 hour, cells were harvested and processed for chromatin 
immunoprecipitation.^' 
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[00046] To determine if the above-described conversion was peculiar to the PSA gene or 
was true for other androgen-regulated genes, we conducted a microarray experiment. LNCaP 
cells infected with an AR-expressing retrovirus or the empty-vector control were challenged 
with increasing doses of R1881 or 10 jxM bicalutamide and then processed for hybridization 
to the Affymetrix U133A chip. Bicalutamide induced the expression of 48 probe sets 
(defined as 2-fold increase, P < 0.05, 500 minimum expression) in LNCaP-AR cells, whereas 
no elements were significantly upregulated in control cells. The list was comprised mostly of 
androgen-regulated genes including the well known members, PSA and kallikrein 2 
{KLK2/^. (See the TABLE at the end of this description for a complete list of the genes 
tested). However, bicalutamide induced only a subset (<10%) of the total niraiber of 
androgen-regulated genes (> 600 probe sets). Upon closer examination, the bicalutamide- 
induced genes overlapped, for the most part, with the most highly induced, androgen- 
responsive genes. Consistent with this, unsupervised hierarchical clustering of the samples 
grouped the profile of genes induced by 10 bicalutamide most closely with those mduced 
by low doses (10-30 pM) of R188L Together, these data suggest that increased AR 
expression globally converts antagonists to weak agonists, and therefore leads to the 
induction of only the most androgen-sensitive genes. 

[00047] To address the mechanism by which bicalutamide galas agonist properties in the 
setting of increased AR levels, we performed chromatin inmiunoprecipitation experiments to 
define the components of the AR transcription complex on the promoters of two genes, PSA 
and KLK2^ activated by bicalutamide in the microarray experiment. After exposure to the 
classic agonists R1881 or dihydrotestosterone , AR and polymerase n were recruited to both 
promoters regardless of AR level, as expected firom prior work.^^*^^ AR was also recruited to 
both templates after exposure to bicalutamide in vector and AR-ov^expressing cells, but 
polymerase n was present only in the settmg of excess AR. However, in AR-overexpressing 
cells, the repertou-e of coactivators recruited to these promoters by bicalutamide was more 
limited (e.g, SRCl and not AlBl) when compared with R1881 or dihydrotestosterone. We 
also examined the effect of increased AR levels on promoter occupancy by corepressors. As 
expected, NCoR was recruited to both promoters in parental cells following bicalutamide 
treatment without evidence of histone acetylation or polymerase n recruitment. However, 
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NCoR recruitment was reduced (PSA promoter) or absent (KLK2 promoter) after 
bicalutamide treatment in cells with increased AR protein levels. Therefore, a modest 
change in the level of AR protein can shift the relative abundance of coaclivators or 
corepressors assembled on the promoters of AR target genes, with resultant effects on 
transcriptional activity. 

[00048] The surprising result from our expression profiling was the universal upregulation 
of AR mRNA in all the HR xenograft models, a finding likely to have clinical relevance 
based on surveys of AR levels in patient material.!''^' AR gene amplification could clearly 
result in increased AR levels, but this occurs in a minority of patients and cannot be invoked 
as the explanation for our xenograft fmdings, since there was no increase in AR copy number 
during the HS-to-HR transition.^* Studies of AR gene regulation have implicated AR itself as 
a positive acting transcaiption factor that binds the AR gene and leads to increased AR mRNA 
levels.^' Therefore, otha- mechanisms postulated to give increased AR activity, such as 
increased kinase pathway signaling (ErbB2, Ras, MAPK) or altered coactivator/corepressor 
ratios, may also lead to increased^ mRNA levels, albeit indurectly. Thus, any one of a 
number of primary molecular events that alter AR activity could cause an increase in AR 
mRNA, suggesting a final common pathway for esc^e from standard hormone ther^y. 
[00049] One caveat is that our conclusions about AR are based on studies of HS xenograft 
models, nearly all of which have been derived from men with HR disease. The question of 
how HS growth is "restored" when such tumors are explanted into intact male mice is a long- 
debated paradox in the prostate cancer field, and the mechanism remains unknown. We 
previously provided evidence that such ejq)lants contain a mixture of HS and HR clones, and 
that HR sublines develop through clonal expansion under the selective pressure of androgen 
deprivation.^" The HS clones that evolve from such explants may be HS only in relative 
terms, reflecting a transition state m the continuum between truly hormone-naive prostate 
cancor (no prior exposure to antiandrogen ther^y) and full blown HR disease. It remains to 
be detennined whether AR upregulation is sufficient to confer HR growth to hormone-naive 
cells. Newer transgenic or knockout models of murine prostate cancer may provide an 
opportunity to address this question in a "cleaner" e3q)erimental system.*'*"^ 
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[00050] The simplest model to explain how inoreased expression of AR can confer 
resistance to anti-androgen therapy is mass action. According to this model, the 3-5 fold 
increase in receptor levels observed in our xenograft models can compensate for low ligand 
levels and restore AR signaling. However, tiie fact that increased receptor levels cause 
antagonists to function as agonists suggests another level of complexity. Our comparison of 
genes induced by bicalutamide to those induced by a range of androgen doses indicates that 
antagonists function as weak agonists in the setting of increased AR levels. Comparative 
analysis of the transcription complex assembled on the promoters of AR target genes 
revealed a potential mechanism. Specifically, a more limited repertoire of coactivators is 
recruited to AR target genes after stimulation with bicalutamide, suggesting that subopthnal 
ligands cannot assemble the optimal array of cofactors for maximal transcriptional activity 
(See Fig. 2). Because steroid receptor-antagonist complexes adopt a variety of 
conformations,'^^''*^ antagonist-bound AR may be unable to bind the full complement of 
coactivator machinery. 

[00051] The molecular basis for loss of antagonism is less apparent. Previous work has 
demonstrated that the agonist versus antagonist response of nuclear receptors like ER is 
altered by increased expression of coactivators (increased SRCl) or by decreased expression 
of corepressors (deareased NCoR).'*^*'^ Our data establish that increased expression of the 
nuclear receptor itself causes a similar outcome, perhaps by upsetting the balance of 
corepression and coactivation in the cell. Additional experiments examining each of these 
components are required to sort through these or altemative explanations. 
[00052] The clinical relevance of antagonist/agonist conversion should also be considered. 
About 30% of men whose disease progresses during treatment with AR antagonists 
experience a paradoxical fall in serum PSA levels when the antagonist is discontinued, called 
anti-androgen withdrawal syndrome."^^ One proposed mechanism is mutation in ihe AR gene, 
based on the fact that flutamide functions as an agonist in cells expressing the T877A AR 
mutation.^ Although compelling, this mechanism cannot account for all cases because recent 
estimates of the frequency of AR mutations in HR patients are too low.^ Our findings 
suggest that patients with antiandrogen withdrawal syndrome may be those with the highest 
level of AR upregulation. 
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[00053] Perhaps the most important implication of the present mvention is toward the 
development of novel antiandrogens. The fact that an intact LBD is required for AR to cause 
resistance to hormone therapy provides compelling rationale for the design of novel 
antagonists that exploit e?dsting knowledge of this well defined binding pocket."** Because 
AR action appears to be mediated raiclusively through genotropic mechanisms, one can also 
envision drugs that prevent AR nuclear translocation or impair assembly of AR transcription 
complexes on target genes. Finally, it will be important to determine if tiie mechanisms of 
antiandrogen resistance implicated here have relevance for other hormone-dependent 
diseases such as breast cancer. 

[00054] Host cells, such as prostate cancer cells can be transfected or transformed with 
expression or cloning vectors described herein for the expression of the human AR proteins 
and cultured in conventional nutrient media modified as appropriate for inducing promoters, 
selecting transformants, or amplifying the genes encoding the desired sequences. The culture 
conditions, such as media, temperature, pH and the like, can be selected by the skilled artisan 
without undue experimentation. In general, principles, protocols, and practical techniques 
for maximizing the productivity of cell cultures can be foimd in Mammalian Cell 
Biotechnolojgv: a Practical Approach^ M. Butier, ed. (SRL Press, 1991) and Sambrook et al., 
supra . 

[00055] A wide variety of methods of transducing mammalian cells are known in the art, 
for example, using reagents and methods such as viral vectors (e.g. the retroviral vectors 
disclosed in the Examples below), lipids (e.g. lipofection), CaP04 and electroporation etc. 
Depending on the host cell used, transformation is performed using standard techniques 
appropriate to such cells. The calcium treatment employing calcium chloride, as described in 
Sambrook et al., supra, or electroporation is generally used for prokaryotes or other cells that 
contain substantial cell-wall barriers. For mammalian cells without such cell walls, the 
calcium phosphate precipitation method of Graham and van der Eb, Virologv> 52:456-457 
(1978) can be employed. General aspects of mammalian cell host system transformations 
have been desaibed in U.S. Patent No. 4,399,216. However, other methods for introducing 
DNA into cells, such as by nuclear microinjection, electroporation, bacterial protoplast fusion 
with intact cells, or polycations, e.g., polybrene, polyomithine, may also be used. For 
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various techniques for transforming mammalian cells, see Keown et al,, Methods in 
Enzvmology, 185:527-537 (1990) and Mansour et al., Nature. 336:348-352 (1988). 
[00056] Suitable host cells for cloning or expressing the AR DNA in the vectors herein 
include various prostate cancer cell lines such as LNCaP lines, DU145 and TsuPrl, other 
transfectable or transducible prostate cancer cell lines, primary cells (PrEC), as well as a 
number of mammalian cells routinely used for the expression of recombinant proteins 
(e.g., OS, CHO, 293, 293T cells). 

[00057] The nucleic acid (e.g. , cDNA or genomic DNA) encoding AR may be inserted into 
a replicable vector for cloning (amplification of the DNA) or for expression. Various vectors 
are publicly available. The vector may, for example, be m the form of a plasmid, cosmid, 
viral particle, or phage. The appropriate nucleic acid sequence may be inserted into the 
vector by a variety of procedures. In general, DNA is inserted into an appropriate restriction 
endonuclease site(s) using techniques known in the art Vector components generally 
include, but are not limited to, one or more of a signal sequence, an origia of replication, one 
or more marker genes, an enhancer element, a promoter, and a transcription termination 
sequence. Construction of suitable vectors containing one or more of these components 
employs standard ligation techniques which are known to the skilled artisan. 
[00058] The AR proteins may be produced recombinantly not only directly, but also as a 
fusion polypeptide with a heterologous polypeptide (e.g., the FLAG tag disclosed herein), 
which may be a signal sequence or other polypeptide having a specific cleavage site at the N- 
terminus of the mature protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the AR DNA that is inserted into the vector. 
The signal sequence may be a prokaiyotic signal sequence selected, for example, from the 
group of the alkaline phosphatase, penicillmase, Ipp, or heat-stable enterotoxin n leaders. 
For yeast secretion the signal sequence may be, e.g., the yeast invertase leader, alpha factor 
leader (including Saccharomyces and Kluyveromyces a-factor leaders, the latter described in 
U.S- Patent No. 5,010,182), or acid phosphatase leader, the C albicans glucoamylase leader 
(EP 362,179 published 4 April 1990), or the signal described m WO 90/13646 published 15 
November 1990. In mammalian cell expression, mammalian signal sequences may be used 
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to direct secretion of the protein, such as signal sequences from secreted polypeptides of the 
same or related species, as well as viral secretory leaders. 

[00059] Both ^ression and cloning vectors typically contain a nucleic acid sequence that 
enables the vector to replicate in one or more selected host cells. Such sequences are well 
known for a variety of bacteria, yeast, and viruses. The origin of replication from the 
plasmid pBR322 is suitable for most Gram-negative bacteria, the 2jx plasmid origin is 
suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. A wide range of host-vector systems suitable 
for the expression of AR are available, see for example, Sambrook et al., 1989, supr^ 
Current Protocols in Molecular Biology, 1995, supra). Preferred vectors for mammalian 
expression include but are not limited to pcDNA 3.1 myc-His-tag (Invitrogen) and the 
retroviral vector pSRatkneo (Muller et al., 1991, MCB 11:1785). Using these expression 
vectors, AR can be expressed in prostate cancer and non-prostate cell lines, including for 
example LNCaP, 293, 293T, rat-l, NIH 3T3 and TsuPrl. The host-vector systems of the 
invention are useful for the production of an AR protein or fragment thereof Such host- 
vector systems can be employed to study the functional properties of AR and AR mutations 
or analogs. 

[00060] Expression and cloning vectors will typically contain a selection gcac, also termed 
a selectable marker. Typical selection goaes encode proteins that (a) confer resistance to 
antibiotics or other toxins, e.g., ampicillin, neomycin, metfiotrexate, or tetracycline, 
(b) complement auxotrophic deficiencies, or (c) supply critical nutrients not available from 
complex media, e.g., the g^e encoding D-alanine racemase for Bacilli. 
[00061] Examples of suitable selectable markers for mammalian cells are those that enable 
the identification of cells compet^t to take up the AR nucleic acid, such as DHFR or 
thymidine kinase. An appropriate host cell when wild-type DHFR is employed is the CHO 
cell line deficient in DHFR activity, prepared and propagated as described by Urlaub et al., 
Proc. Natl. Acad. Sci. USA. 77:421 6 (1980). A suitable selection gene for use in yeast is the 
trpl gene present in the yeast plaanid YRp7 (Stinchcomb et al.. Nature. 282:39 (1979); 
Kingsman et al.. Gene. 2:141 (1979); Tschemper et al., Gene. 10:157 (1980)). The trpl gene 
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Iprovides a selection marker for a mutant strain of yeast lacking flie ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 (Jones, Genetics. 85:12 (1977)). 
[00062] Additional details regarding the practice of the invention are as follows: 
Oligonucleotide U95A and U133A gene arrays were purchased from Affymelrix. Charcoal- 
stripped dextran-treated fetal bovine serum was obtained from Omega Scientific. 
Bicalutamide was obtained from the UCLA Investigational Drug Pharmacy and dissolved in 
acetone. Cold and ^H-R1881 were obtaiaed from NEN Life Sciences. AR antibody N-20 
(Santa Ciruz) and Flag antibody M2 (Sigma) were used in the immunoblot assays. Secreted 
PSA was measured by ELISA (American Qualex). Protein extracts were prepared in high 
detergent buffer (2% SDS) to ensure total cell lysis. 

[00063] Typical DNA constructs were prepared as follows: pCSUACG(U6- 
shKN:AaAR;CMV-GFP) was constructed by ligating the BamHUEcdSl digests of pCSCG 
and the U6-shKNAaAR PCR product. The U6-shKNAaAR PGR was performed using a 
hU6-containing plasmid at a 60°C annealing temperature with suitable primers: pCSCA 
(CMV-AR) was oreated by subcloning the A2>al fragment of pSRa-AR into the Nhel site of 
pCSCG. AR mutants were made by standard PCR-based site-directed mutagenesis using the 
QuikChange Kit (Stratagene). DNLS contains three point mutations (K6 1 8M, K632M, 
K633M) previously shown to disnQ)t nuclear import.^' DPro contams a deletion of amino 
acids 372-381, based on prior work.^^ ARR2Pb-Luciferase was kindly provided by Robert 
Matusik (Vanderbilt). PSA RT-PCR was also performed using suitable primers. 
[00064] Details of typical In vitro and In vivo Growth experiments are as follows: 
LNCaP (ATCC) and LAPC4 cells were maintained in Iscove's medium supplemented with 
10% fetal bovine serum. LNCaP-AR and LNCaP-vector were derived by infection with the 
pSRD-AR or pSRD retrovirus, respectively, and selection in 500 ng/ml of G418. LNCaP- 
AR, LNCaP-vector, LAPC4-AR, and LAPC4-vector in other ejcperiments wore derived by 
infection with the pCSCA or pCSC lentivirus, respectively, without selection (>90% 
infection). For in vitro experiments, LNCaP or LAPC4 cells stably infected with different 
constructs wore androgen-starved by growth in diarcoal-stripped serum for 3-5 d. 5x10" 
cells were plated per well in media containing 10% charcoal-stripped serum supplemented 
with various concentration of R1881 or in media containing 10% full serum with various 
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concentration of bicalntamide. Colonies were visualized with crystal violet staining 2 weeks 
later. In vivo tumorigenicity was measured by injection of 5 x 10^ LAPC4 or 1 x 10^ LNCaP 
cells in 100 jil of Matrigel (Collaborative Biomedical) subcutaneously into the flanks of 
intact or castrated male SCID mice. Tumor size was measured weekly in three dimensions 
using caliber as described.^ AR knockdown was performed by infection of HR LAPC4 with 
shRNA AR lentivirus. Tumors which grew in castrated mice were explanted, and analyzed 
by flow cytometry for the percentage of GFP-positive cells. All mouse experiments were 
performed in compliance with the guidelines of the Animal Research Committee (ARC) of 
the UCLA. 

[00065] HS and HR xenograft pairs for the microarray study were collected from three 
institutions. LUCaP23, 35, and 41 were developed at University of Washington; CWR22 
was developed by Case Western Reserve University and kindly provided by University of 
North Carolina at Ch^l Hill; LAPC4 and 9 were developed at the University of California 
at Los Angeles; LNCaP was purchased from ATCC and implanted into mice. The HS 
xenografts were either grown in intact nude mice or SCH) male mice, and their HR 
counterparts were developed by serial passage In castrated male mice. Microarray 
experiments were performed and data analyzed according to manufacture's instructions 
(Affymetrix). We extracted total RNA from a pool of two to eight tumors with comparable 
sizes and serum PSA levels for each xenograft using TriReagent (Molecular Research 
Center) and RNeasy (Qiagen). For each sample, 15 p,g of total RNA was used to gaierate 
double stranded cDNA and the cRNA was transcribed with biotin-labeled nucleotides 
(ENZO Diagnostics). The cRNA was fragmented and hybridized to U95A miaroarray 
(Affymetrix). Scanned images were used for absolute and comparison analysis (Affymetrix 
manual). The microarray data were generated through the Genespring program (Silicon 
Genetics). 

[00066] Details of typical chromatin immunoprecipitation are as follows: LNCaP-AR or 
LNCaP-vector were androgen-starved and challenged with either vehicle, 100 pM of Rl 881, 
1 nM of DHT , or 10 jiM of bicalutamide for 1 hour. Soluble chromatin was prepared after 
formaldehyde crosslinking and sonication. Specific IgGs against AR, N-CoR, PolK, Ac- 
H3/4, SRCl, 'nF2, AIBl, and PCAF were used to immunoprecipitate protein-boimd DNA 
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fragments. After reversing the crosslinking, PGR reactions were performed to amplify the 
promoter regions of KLK3/PSA or KLK2}^ Duplicates for bicalutamide or vehicle treatment 
were averaged and queried for the number of probe sets induced 2-fold, P < 0.05 with a 
niinimum expression of 500 in at least one sample. The dataset was analyzed for the number 
of probe sets that induced a minimum 2-fold inarease. The data showed that increased AR 
expression globally converts antagonists to weak agonists. 
[00067] Throughout this application, various publications are referenced (within 
parentheses for example). The disclosures of these publications are hereby incorporated by 
reference herein in their entireties. In order to facilitate an understanding of various typical 
aspects of the invention, certain aspects of these incorporated materials are reproduced 
herein. 

[00068] The present invention is not to be limited m scope by the embodiments disclosed 
herein, which are intended as single illustrations of individual aspects of the invention, and 
any that are functionally equivalent are within the scope of the mvention. Various 
modifications to the models and methods of the invaition, m addition to those described 
herein, will become apparent to those skilled in the art from the foregoing description and 
teachings, and are similarly intended to fall within the scope of the invention. Such 
modifications or other embodiments can be practiced without departing from the true scope 
and spirit of the invention. However, the invention is only limited by the scope of the 
appended claims. 



-24- 



wo 2005/060661 



PCT/US2004/042221 



TABLE 



AffvID 


GenBank ID 


212005 


AL582808 


213017 


NM_138340 


201662 


D89053.1 


216323 


XM_054284 


211689 


AF270487.1 


205102 


NM_005656 


215990 


867779.1 


20^3^6 


NM_Q142^6 


222201 

i : ■ 


^8037736,1 


?21272 


hl!^_Q308q6.1 


222121 


NM 015595 




fJI^_9l45Q8 


:^0^3^9 


jifl15887.1 


2045^0 


Nii.ff17.i 


2iq692 


BQ0Q4472,1 


219312 


Niyi_023929.1 


219476 


NM„024115.1 


2103^9 


pqp(^196.1 


^0^8^ 


|MRj_90^5qi 


^04583 


U17040,1 


^0^5§2 


j^li|l_(|0-j648 






•205^62 


NM_61 4668.1 


201551 


J03263.1 



AfrtD 
206205 
221965 
208309 
214087 
211548 
205040 
265041 
220954 
206178 
214443 
218782 
205924 
2^1975 
2^662 

if 

216920 

i 

215806 
209813 
211144 
201108 
222118 
219555 
219B51 
2091053 
209309 



GenBank ID 

NM^022782.1 

NM_022782 

NM_006785.1 

NM^002465 

J05594.1 

NM_000607.1 

NM_000607.1 

NM_01 3440.1 

NM_000929.1 

NM_006605.1 

NM_014100.1 

6C005035.I1 

NM_00295f.1 

NM_0031oi 

M27331.1 

Ml323ii '' 

M16768.1 

M30894.1 

NM_003248 

AK023669.1 

NM_018456 

NIUI_01 8456.1 

BE793t89 

090427.1 



-25- 



wo 2005/060661 



PCTAJS2004/042221 



BIBLIOGRAPHY 

1. Feldman, BJ. & Feldman, D. The development of androgen-independent prostate 
cancer. Nat Rev Cancer 1, 34-45 (2001). 

2. Gelmann, E.P. Molecular biology of the androgen receptor. J Clin Oncol 20, 
3001-15 (2002). 

3. Balk, S.P. Androgen receptor as a target in androgen-independent prostate cancer. 
Urology 60, 132-8; discussion 138-9 (2002). 

4. Taplin, M.E. et al. Selection for androgen receptor mutations in prostate cancers 
treated with androgen antagonist. Cancer Res 59, 251 1-5 (1999). 

5. Taplin, M.E. et al. Androgen receptor mutations in androgen-independent prostate 
cancer: Cancer and Leukemia Group B Study 9663. / Clin Oncol 21, 2673-8 
(2003). 

6. Visakorpi, T. et al. In vivo amplification of the androgen receptor gene and 
progression of human prostate cancer. Nat Genet 9, 401-6 (1995). 

7. Taplin, M.B. et al. Mutation of the androgen-receptor gene in metastatic 
androgen-independent prostate cancer. NEnglJMed 332, 1393-8 (1995). 

8. Veldscholte, J. et al. A mutation in the ligand binding domain of the androgen 
receptor of human LNCaP cells affects steroid binding characteristics and 
response to anti-androgens. Biochem Biophys Res Commun 173, 534-40 (1990). 

9. Matias, P.M. et al. Structural basis for the glucocorticoid response in a mutant 
human androgen receptor (AR(ccr)) derived from an androgen-independent 
prostate cancer. J Med Chem 45, 1439-46 (2002). 

10. Craft, N., Shostak, Y., Carey, M. & Sawyers, C.L. A mechanism for hormone- 
independent prostate cancer through modulation of androgen receptor signaling by 
the HER-2/neu tyrosine kinase. Nat Med 5, 280-5 (1999). 

11. Gioeli, D. et al. Androgen receptor phosphorylation. Regulation and identification 
of the phosphorylation sites. J Biol Chem 111, 29304-14 (2002). 

12. Kato, S. et al. Activation of the estrogen receptor through phosphorylation by 
mitogen-activated protein kinase. Science 270, 1491-4 (1995). 



-26- 



wo 2005/060661 



PCT/US2004/042221 



13. Font de Mora, J, & Brown, M. AIBl is a conduit for kinase-mediated growth 
factor signaling to the estrogen receptor. Mol Cell Biol 20, 5041-7 (2000). 

14. Tremblay, A., Tremblay, G.B., Labrie, F. & Giguere, V. Ligand-indeppndent 
reCTuitment of SRC-1 to estrogen receptor beta through phosphorylation of 
activation function AF-1. Mol Cell 3, 513-9 (1999). 

15. Gregory, C.W. et al. A mechanism for androgen receptor-mediated prostate cancer 
recurrence after androgen deprivation therapy. Cancer Res 61, 4315-9 (2001). 

16. Li, P. et al. Heterogeneous expression and fiinctions of androgen receptor co- 
factors m primary prostate cancer. Am J Pathol 161, 1467-74 (2002). 

17. Glass, C.K. & Rosenfeld, M.G. The coregulator exchange in transcriptional 
functions of nuclear receptors. Genes Dev 14, 121-41 (2000). 

18. Raffo, A. J. et al. Overexpression of bcl-2 protects prostate cancer cells from 
apoptosis in vitro and confers resistance to androgen depletion in vivo. Cancer 
Res 55, 4438-45 (1995). 

19. McDonnell, T.J. et al. Expression of the protooncogene bcl-2 in the prostate and 
its association with emergence of androgen-independent prostate cancer. Cancer 
ifej 52, 6940-4 (1992). 

20. Kinoshita, H. et al. Methylation of the androgen receptor minunal promoter 
silences transcription in human prostate cancer. Cancer Res 60, 3623-30 (2000). 

21. Shang, Y., Myers, M. & Brown, M. Formation of the androgen receptor 
transcription complex. Mol Cell 9, 601-10 (2002). 

22. Zhau, H.Y. et al. Androgen-repressed phraiolype in human prostate cancer. Proc 
NatlAcadSci USA 93, 15152-7 (1996). 

23. Wainstein, MA. et al. CWR22: androgen-dependent xenograft model derived 
from a primary human prostatic carcinoma. Cancer Res 54, 6049-52 (1994). 

24. Ellis, W.J. et al. Characterization of a novel androgen-sensitive, prostate-specific 
antigen-producing prostatic carcinoma xenograft: LuCaP 23. Clin Cancer Res 2, 
1039-48 (1996). 

25. Horoszewicz, J.S. et al. LNCaP model of human prostatic carcinoma. Cancer Res 
43, 1809-18 (1983). 



-27- 



wo 2005/060661 



PCTAJS2004/042221 



26. Klein, K.A. et al. Progression of metastatic human prostate cancer to androgen 
independence in immunodeficient SCID mice. Nat Med 3, 402-8 (1997). 

27. Perou, CM. et al. Molecular portraits of human breast tumors. NcUure 406, 747-52 
(2000). 

28. Gregory, C.W., Johnson, R.T., Jr., Mohler, J.L., French, F.S. & Wilson, E.M. 
Androgen receptor stabilization in recurrent prostate cancer is associated with 
hypersensitivity to low androgen. Cancer Res 61, 2892-8. (2001). 

29. Huang, Z.Q., Li, J. & Wong, J. AR possesses an intrinsic hormone-independent 
transcriptional activity. Mol Endocrinol 16, 924-37 (2002). 

30. Matias, P.M. et al. Structural evidence for ligand q)ecificity in the binding domain 
of the hxraian androgen receptor. ImpUcations for pathogenic gene mutations. J 
Biol Chem 275, 26164-71 (2000). 

31. Lobaccaro, J.M. et al. Molecular modeling and in vitro investigations of the 
human androgen receptor DNA-binding domain: £q>plication for the study of two 
mutations. Mol Cell Endocrinol 116, 137-47 (1996). 

32. Migliaccio, A. et al. Steroid-induced androgen receptor-oestradiol receptor beta- 
Src complex triggers prostate cancer cell proliferation. Embo J 19, 5406-17 

(2000) . 

33. Kousteni, S. et al. Nongenotropic, sex-nonspecific signaling through the estrogen 
or androgen receptors: dissociation from transcriptional activity. Cell 104, 719-30 

(2001) . 

34. Manolagas, S.C., Kousteni, S. & Jilka, RX. Sex steroids and bone. Recent Prog 
Harm Res 57, 385-409 (2002). 

35. DePrimo, S.E. et al. Transcriptional programs activated by exposure of human 
prostate cancer cells to androgen. Genome Biol 3, RESEARCH0032 (2002). 

36. Masiello, D., Cheng, S., Bubley, G.J., Lu, M.L. & Balk, S.P. Bicalutamide 
functions as an androgen recq)tor antagonist by assembly of a transcriptionally 
inactive receptor. J Biol Chem 277, 26321-6 (2002). 



-28- 



wo 2005/060661 



PCTAJS2004/042221 



37. Edwards, J., Krishna, N.S., Grigor, K.M. & Bartlett, J,M. Androgen receptor gene 
amplification and protein expression in hormone refractory prostate cancer. Br 
J Cancer 89, 552-6(2003). 

38. Laitinen, S., Karhu, R., Sawyers, C.L., Vessella, R.L. & Visakorpi, T. 
Chromosomal aberrations in prostate cancer xenografts detected by comparative 
genomic hybridization. Genes Chromosomes Cancer 35, 66-73 (2002). 

39. Grad, J.M., Dai, J.L., Wu, S. & Bumstein, K.L. Multiple androgen response 
elements and a Myc consensus site in the androgen receptor (AR) coding region 
are involved in androgen-mediated up-regulation of AR messenger RNA. Mol 
Endocrinol 1896-911 (1999). 

40. Craft, N. et al. Evidence for clonal outgrowth of androgen-independent prostate 
cancer cells from androgen-dependent tumors through a two-step process. Cancer 
iJej 59, 5030-6 (1999). . 

41. Ellwood--Yen, K. et al. Myc-driven murine prostate cancer shares molecular 
features with hxunan prostate tumors. Cancer Cell 4, 223-38 (2003). 

42. Wang, S. et al. Prostate-specific deletion of the murine Pten tumor suppressor 
gene leads to metastatic prostate cancer. Cancer Cell 4, 209-21 (2003). 

43. Shiau, A.K. et al. The structural basis of estrogen receptor/coactivator recognition 
and the antagonism of this interaction by tamoxifen. Cell 95, 927-37 (1998). 

44. Norris, J.D. et al. Peptide antagonists of the hxmian estrogen receptor. Science 285, 
744-6(1999). 

45. Back, S.H. et al. Exchange of N-CoR corepressor and Tip60 coactivator 
complexes links gene expression by NF-kappaB and beta-amyloid precursor 
protein. Cell 110, 55-67 (2002). 

46. Shang, Y. & Brown, M. Molecular determinants for the tissue specificity of 
SERMs. Science 295, 2465-8 (2002). 

47. Schellhammer, P.F. et al. Prostate specific antigen decreases after withdrawal of 
antiandrogen therapy with bicalutamide or flutamide in patients receiving 
combined androgen blockade. / Urol 157, 1731-5 (1997). 



-29- 



wo 2005/060661 



PCT/US2004/042221 



48. Sack, J.S. et al. Crystallographic structures of the ligand-binding domains of the 
androgen receptor and its T877A mutant complexed with the natural agonist 
dihydrotestosterone. Proc Natl Acad Sci U SA 98, 4904-9 (2001). 

49. Zhou, Z.X., Sar, M., Simental, J.A., Lane, M.V. & Wilson, KM. A ligand- 
dependent bipartite nuclear targeting signal in the human androgen receptor. 
Requirement for the DNA-binding domain and modulation by NH2-terminal and 
carboxyl-terminal sequences. J Biol Chem 269, 131 15-23 (1994). 



-30- 



wo 2005/060661 



PCT/US2004/042221 



CLAIMS 

WHAT IS CLAIMED IS : 

1 . A method of examining the physiological effect of a compound on a mammalian 
prostate cancer cell wherein said prostate cancer cell expresses an exogenous wild type 
androgen receptor polynucleotide that encodes an androgen receptor polypeptide or an 
androgen receptor polypeptide variant, said cell further comprising an abnormal level of 
mRNA that encodes said androgen receptor polypeptide or said androgen receptor 
polypeptide variant when compared to the level of mRNA that encodes said androgen 
receptor polypeptide or said androgen receptor polypeptide variant in a normal prostate cell, 
said method comprising: 

(a) determining that said abnormal level of mRNA in said prostate cancer cell 
is at least two fold higher than the level of mRNA in said normal prostate cell; 

(b) contacting a compound to be tested with said prostate cancer cell to 
provide a treated prostate cancer cell; and 

(c) examining one or more physiological characteristics of said treated prostate 
cancer cell. 

2. A method of examining the physiological effect of a compound on a mammalian 
prostate cancer cell wherein said prostate cancer cell expresses an exogenous wild type 
androgen receptor polynucleotide that encodes an abnormal level of androgen receptor 
polypeptide or an abnormal level of androgen receptor polypeptide variant when compared 
to the level of androgen receptor polypeptide or androgen receptor polypeptide variant 
encoded by a normal prostate cell, said method comprising: 

(a) determining that said abnormal level of androgen receptor polypeptide or 
said abnormal level of androgen receptor polypeptide variant is at least two fold higher 
than the level of androgen receptor polypeptide or androgen receptor polypeptide variant 
in said normal prostate cell; 

(b) contacting a compound to be tested with said prostate cancer cell to 
provide a treated prostate cancer cell; and 
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(c) examining one or more physiological characteristics of said treated prostate 
cancer cell. 

3. A method of examining the physiological effect of a compound on a mammalian 
prostate cancer cell according to claim 1 which includes the additional steps of: 

(a) providing a mammalian prostate cancer cell which is the same as said 
prostate cancer cell and which is not contacted with said compound to thereby provide a 
control prostate cancer cell; 

examining said one or more physiological characteristics of said control prostate 
cancer cell; and 

comparing said one or more characteristics of said control prostate 
cancer cell with said one or more characteristics of said treated prostate cancer cell. 

4. A method of examining tiie physiological effect of a compound on a mammalian 
prostate cancer cell according to claim 2 which includes the additional steps of: 

(a) providing a mammalian prostate cancer cell which is the same as said 
prostate cancer cell and which is not contacted with said compound to thereby provide a 
control prostate cancer cell; 

examining said one or more physiological characteristics of said control prostate 
cancer cell; and 

comparing said one or more characteristics of said control prostate cancer cell 
with said one or more characteristics of said treated prostate cancer cell. 

5. A method of examining the physiological effect of a compound on a selected 
mammalian cancer cell wherein said cancer cell expresses an exogenous wild type 
polynucleotide that encodes a protein or polypeptide of interest, said cell further comprising 
an abnormal level of mRNA that encodes said protein or polypeptide of interest when 
compared to the level of mRNA that encodes said protein or polypeptide of interest in said 
normal selected cell, said method comprising: 



-32- 



wo 2005/060661 



PCT/US2004/042221 



(a) determining that said abnormal level of mRNA in said selected cancer cell 
is at least two fold higher than the level of mRNA in said normal selected cell; 

(b) contacting a compound to be tested with said selected cancer cell to 
provide a treated cancer cell; and 

(c) examining one or more physiological characteristics of said treated cancer 

cell 

6. A method of examining the physiological effect of a compound on a selected 
mammaliari cancer cell wherein said selected cancer cell expresses an exogenous wild type 
polynucleotide that encodes an abnormal level of protein or polypeptide of interest when 
compared to the level of said protein or polypeptide of interest encoded by a normal selected 
cell, said method comprising: 

(a) determining that said abnormal level of said protein or polypeptide of 
interest is at least two fold higher than the level of said protein or polypeptide of interest 
in said normal selected cell; 

(b) contacting a compound to be tested with said selected cancer cell to 
provide a treated cancer cell; and 

(c) examining one or more physiological characteristics of said treated cancer 

cell. 

7. A method of examining the physiological effect of a compound on a selected 
mammalian cancer cell according to claim 5 which includes the additional steps of: 

(a) providing a mammalian cancer cell which is the same as said selected 
cancer cell and which is not contacted with said compoimd to thereby provide a control 
cancer cell; 

examining said one or more physiological characteristics of said control cancer 
cell; and 

comparing said one or more characteristics of said control cancer cell with said 
one or more characteristics of said treated cancer cell. 
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8. A method of examining the physiological effect of a compound on a selected 
mammalian cancer cell according to claim 6 which includes the additional steps of: 

(a) providing a mammalian cancer cell which is the same as said selected 
cancer cell and which is not contacted with said compound to thereby provide a control 
cancer cell; 

examining said one or more physiological characteristics of said control cancer 
cell; and 

comparing said one or more characteristics of said control cancer cell with said 
one or more characteristics of said treated cancer cell. 

9. A method of examining the physiological effect of a compound on a selected 
mammalian cancer cell according to claim 5 or 6 wherein said selected mammalian cell 
is selected from the group consisting of breast cancer cells, ovarian cancer cells and 
prostate cancer cells. 

10. A method of inhibiting the growth of hormone refractory prostate cancer cells 
wherein said cells comprise androgen receptors that exhibit biological function, said 
method comprising the step of decreasing the biological function of said androgen 
receptors. 

11. A method of inhibiting the growth of hormone refractory prostate cancer cells 
according to claim 10 wherein said step of decreasing the biological function of said . 
androgen receptors comprises affecting the androgen receptor DNA levels, androgen 
mRNA levels, or androgen protein levels. 

12. A method of inhibiting the growth of hormone refractory prostate cancer cells 
according to claim 11 wherein the androgen receptor protein level is decreased through 
modulation of signal transduction pathways such as targeting EGF receptors that 
crosstalk to the androgen receptor. 
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13. A method of inhibiting the growth of hormone refractory prostate cancer cells 
according to claim 11 wherein the androgen receptor protein level is decreased by the 
induction of cellular degradation pathways. 

14. A method of mhibiting the growth of hormone refractory prostate cancer cells 
according to claim 11 wherein the androgen receptor protein level is decreased by 
dissociating the androgen receptor from heat shock proteins that maintain the androgen 
receptor integrity. 

15. A method of inhibiting the growth of hormone refractory prostate cancer cells 
according to claim 11 wherein the androgen receptor protein level is decreased using 
androgen receptor antisense or mRNA knockdown technology. 

17. A metiiod of inhibiting the growth of hormone refractory prostate cancer cells 
according to claim 11 wherein the androgen receptor protein is decreased by modifying 
the polynucleotide or polypeptide sequence of the androgen receptor or by 
posttranslational modifications of the androgen receptor selected from the group 
consisting of phosphorylation, acetylation, ubiquitination, and sumolation. 

18. A method for determining if a selected prostate cancer cell is hormone sensitive or 
has become hormone refractory, said method comprising the steps of: 

(a) determining the level of mRNA in said selected cell that encodes the 
androgen receptor polypeptide or androgen receptor polypeptide variant; 

(b) determining the level of mRNA in a hormone sensitive selected prostate 
cancer cell; 

(c) comparing the level of mRNA determined in step (a) to the level of mRNA 
determined in step (b); and 

(d) determining that the selected prostate cancer cell is hormone sensitive or 
has become hormone refractory if the level of mRNA determined in step (a) is at least 
two fold higher than the level of mRNA determined in step (b). 
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19. A method for determining if a selected prostate cancer cell is hormone sensitive or 
has become hormone refractory, said method comprising the steps of: 

(a) determining the level of androgen receptor polypeptide or the level of 
androgen receptor polypeptide variant in said selected cell; 

(b) determming the level of androgen receptor polypeptide or the level of 
androgen receptor polypeptide variant in a hormone sensitive selected prostate cancer 
cell; 

(c) comparing the level of androgen receptor polypeptide or the level of 
androgen receptor polypeptide variant determined in step (a) to the level of androgen 
receptor polypeptide or the level of androgen receptor polypeptide variant determined in 
step (b); and 

(d) determining that the selected prostate cancer cell is hormone sensitive or 
has become hormone refractory if the level of androgen receptor polypeptide or the level 
of androgen receptor polypeptide variant determined in step (a) is at least two fold higher 
than the level of androgen receptor polypeptide or the level of androgen receptor 
polypeptide variant determined in step (b). 
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